Background: Color changes that are detectable to human eye can affect the esthetic appearance of ceramic veneers. The purpose of this study was to evaluate and compare the effect of artificial accelerated aging on the color of ceramic veneers cemented with different resin cements. Materials and Methods: Sixty discs were prepared with 0.5 mm thickness, 30 discs made from IPS e.max press (Ivoclar Vivadent) and 30 discs were made from VITA Enamic (VITA Zahnfabrik). The discs were cemented with three resin cements: Variolink Veneer MV 0 shade (Ivoclar Vivadent), Rely X veneer Translucent shade (3M ESPE) and NX3 Nexus Clear shade (Kerr Corporation) with 0.1 mm thickness. The spectrophotometer Easyshade Advance was used to measure the color parameters (Lightness, axis a* of chroma and axis b*of chroma) immediately after cementation, after 150 and 300 hours of aging. The specimens were subjected to artificial accelerated aging in Accelerated Weathering Tester. Color change greater than 3.3 was considered unacceptable. One-way ANOVA, paired t-tests and Bonferroni adjusted t-test were used for statistical analysis (p <0.05). Results: Artificial aging caused high significant color change in both ceramic types, but there were non-significant difference in color change among the three resin cements used. The color change was between1.997-14.8 after 150 hours and it was between 2.179-15.68 after 300 hours. The color change of e.max discs after aging were within acceptable limit<3.3 whereas Vita Enamic specimens had shown unacceptable color change >3.3 after aging.
INTRODUCTION
Ceramic veneer have been a popular treatment option of anterior teeth especially for patients who looking for conservative and best esthetic treatment since these restorations require minimum reduction of tooth structure when compared with another restorations (1) . One of major concern in dentistry is to obtain the perfect color that resembles the color of natural teeth with artificial materials (2) . Ceramic restorations are one of most important restorations that can achieve light scattering and transmission that are resemble the appearance of natural teeth (3) . Assessment of the color of both teeth and restorations accurately is critical for effective communication with dental laboratory and for successful clinical outcome
The color assessments that performed with visual techniques are subjective and to eliminate the subjectivity of human eye electronic intraoral devices such as colorimeter and spectrophotometer were introduced. These electronic devices measure the color of restorations using Commission Internationale de l'Eclairage (International Commission on Illumination) CIE L*a*b* color system (4) . The increased concern on esthetic appearance in today's society had led to consider the color stability of esthetic restoration as critical factor for long-term success of such restorations (5) . The color stability is an important factor for direct and indirect esthetic restoration and is a fundamental to the success of the restorative treatment (6) . The difference in the color determined whether the color change can be noticeable by human eye since ∆E<1 is not detectable by human eye and ∆E greater than 1 and less than 3.3 considered noticeable but clinically acceptable while ∆E>3.3 considered clinically unacceptable (7) accelerated aging was used. To simulate the conditions to which the restorations will exposed in the oral cavity for a relatively long time the accelerated aging that use ultraviolet light, humidity and temperature is most commonly used (8) . The aim of this in vitro study was to evaluate and compare the effect of artificial accelerated aging (ultraviolet light, humidity and temperature) on the color of ceramic veneers which made from IPS e max press and VITA Enamic and cemented with three different resin cements.
MATERIALS AND METHODS
A total of sixty discs that have a diameter of 10 mm and 0.5 mm thickness were prepared. Thirty discs were made from (IPS e max press, HT A1 shade, Ivoclar Vivadent) and thirty discs were made from (VITA Enamic blocks, HT 1M1 shade, VITA Zahnfabrik). The specimens that made from e max were fabricated by using of hot pressing technique according to the manufacturer instructions. The discs were finished with DCB grinder cone (Komet Brasseler, USA) then a single layer of IPS ceram glaze were applied on one surface of the discs (8) . The specimens that made from VITA Enamic blocks were prepared by using custom made milling machine which milled the blocks into cylinders then cut the cylinders into the discs with the desired dimensions. The discs made from VITA Enamic were glazed with VITA Enamic glaze which is a light cure glazing material, and it required treatment of each disc with 5% hydrofluoric acid, the etched surface were silanated with Monobond N for 60 second after that a single layer of VITA Enamic glaze was applied and light cured according to manufacturer instructions. All of the 60 discs were ultrasonically cleaned in distilled water for 10 minutes before and after glazing then digital caliper was used to make sure that all the discs have 10 mm diameter and 0.5 mm thickness (9) . Then the e max discs were divided into 3 groups (A1, A2, A3) and VITA Enamic discs divided into 3 groups (B1, B2, B3): A1: 10 discs of IPS e max cemented with Variolink Veneer resin cement A2: 10 discs of IPS e max cemented with RelyX veneer resin cement A3: 10 discs of IPS e max cemented with NX3 Nexus resin cement B1: 10 discs of VITA Enamic cemented with Variolink Veneer resin cement B2: 10 discs of VITA Enamic cemented with RelyX veneer resin cement B3:10 discs of VITA Enamic cemented with NX3 Nexus resin cement For cementation unglazed surface of all discs were etched with 5% hydrofluoric acid (IPS Ceramic refill, Ivoclar Vivadent), e max discs were etched for 20 secconds while VITA Enamic discs were etched for 60 seconds. Then the discs were rinsed with water spray for 30 seconds and dried (10) . Afterward the discs of group A and group B were silanated with Monobond N (Ivoclar/Vivadent /clinical, Lienchtenstein) which was dispensed on the etched surface of the discs with microbrush for 60 seconds then lightly dried for 5 seconds to evaporate the solvent according to manufacturer instruction. Three light cured resin cements were used which are Variolink Veneer (Ivoclar/Vivadent /clinical, Lienchtenstein ) that have medium value 0 shade, RelyX veneer translucent shade (3M ESPE, USA) and NX3 Nexus light cure which have clear shade (Kerr Corporation, USA). The discs were placed on glass slide then the resin cements were applied from the syringe directly on the silanated surface of discs (9) . Afterward the Mylar strip was placed over the cement (11, 12) then another glass slide was placed over the strip. Weight of 1Kg was applied over the glass slide for 20 seconds to produce a thickness of resin cement that is equal to 0.1 mm (9, 13) . To simulate the clinical condition the cements were light cured from the glazed surface. To remove the excess of the cement the discs were tack-cured for 1-3 seconds to convert the excess into a gel state then the excess gel was removed with dental probe. Then cement was completely light cured according to manufacturer instruction (For Variolink veneer 30 seconds, for RelyX veneer 30 seconds and for NX3 Nexus 20 seconds). Digital caliper was used after cementation to ensure that the thickness of all specimens were 0.6 mm (8) .
Color measurement was made by using of Easyshade advance (Vita Zahnfabrik, Bad Sackingen, Germany) which consist of base unit and handpiece (14) . During color measurement the discs were placed on polywax (BiLKiM Co.LTD, Turkey) that had the shade of A3. This polywax was used to simulate the underlying dental tissues (15) . The single tooth mode was selected then the spectrophotometer was calibrated according to manufacturer instruction. The probe of the device was placed in the center of the disc and perpendicular to the disc and the button of the device was pressed and the shade appeared in both Vita Classical and Vita 3D master shades and the color parameter (Hue, chroma, lightness L*, a* and b*) displayed on the screen of the device (16, 17) . Three measurements were made for each disc while the probe of the device was in the center of the disc and the mean of the three measurements was calculated as initial color of the disc and used for data analysis (9, 12, 17) . The specimens were undergoing accelerated aging test using Accelerated weathering tester (QUV/SPRAY) (Q-Lab Corporation, USA). The specimens were placed in custom made aluminum holders; these holders have the same dimension of the specimens (10 mm diameter and 0.5 mm depth). Then the holders were attached to accelerated weathering tester in which only the glazed surface of the discs were exposed to artificial accelerated aging and the specimens stored in the device for 300 hours. In accelerated weathering tester the specimens were subjected to 150 cycles of aging each cycle was two hours long. Within each cycle the specimens were exposed to ultraviolet light for 1 hour and 42 minutes and distilled water spray for 18 minutes and the temperature was 50 o C (18) . According to the manufacturer of the accelerated weathering tester the 300 hours of aging is equivalent to one year in clinical service (19) . After the passage of 150 hours during which the specimens were inside the accelerated weathering tester, color parameters of the specimens were measured again. The discs were also placed on polywax and Easyshade Advance was used to measure the color of specimens after 150 hours of aging. The 150 hours in accelerated weathering tester is equal to 6 months intraorally (20) . The color difference ∆E calculated from L*, a*, b* before and after aging for 150 hours using the following equation:
∆E= [(∆L) 2 + (∆a*) 2 + (∆b*) 2 ] 1/2 Where ∆E represent color difference, ∆L, ∆a and ∆b are the difference in color parameters of the specimens before and after aging (21) .
At the end of aging period (300 hours) the color parameters of the specimens were measured again and the color difference were obtained from the same equation. The results of this study were analyzed with one-way ANOVA, paired t-tests and Bonferroni adjusted t-test (P <0.05).
RESULTS
At the baseline ANOVA test revealed high significant difference in lightness (P=0.002) and axis a* of chroma (P <0.001) among the three resin cements when used with e max, while the same test show high significant difference among the three cements when used with Vita Enamic only in axis a* of chroma (P<0.001) at the baseline. Bonferroni adjusted t-test showed statistically significant differences in mean chromaticity (axis a* and axis b*) between e max and VITA Enamic in each cement group at the baseline.
The mean and standard deviation of color change after 150 hours and 300 hours of aging are shown in (Table1). The results of this study revealed that after 150 hours of aging the highest color change was found in group B1 (14.8 ±1.873) and the least color change recorded in group A3 (1.997± 0.503), also after 300 hours of aging group B1 recorded the highest color change (15.68±1.748) and the least color change was (2.179±0.482) which is found in group A3.
The results of Paired t-test had shown that there were statistically highly significant difference in color change after 150 hours and after 300 hours of aging in the six groups (P<0.001), also the color difference between the two periods of aging was statistically high significant (Table 1) .
Within group A and after 150 hours and 300 hours of aging the use of Variolink Veneer with e max (A1) was associated with the highest mean of color change, followed by RelyX veneer with e max (A2) and the least color change was found when NX3 Nexus was used with e max (A3). Bonferroni adjusted t-test had shown that the difference in the effect of the three resin cements on the mean color change after aging was statistically not significant. Within group B and after 150 hours and 300 hours of aging the use of Variolink Veneer with VITA Enamic (B1) recorded the highest mean of color change, followed by RelyX veneer with VITA Enamic (B2) and the least color change recorded in (B3) in which NX3 Nexus was used with VITA Enamic. Bonferroni adjusted t-test had shown that the difference in the effect of the three resin cements on mean color change after aging was statistically not significant. In spite of that color change of group A1, A2 and A3 after the two periods of aging was statistically significant, the color changes of these groups are considered detectable but clinically acceptable since the color changes in these groups less than 3.3.
DISCUSSION
In this study the specimens were prepared from IPS e max press and Vita Enamic blocks. IPS e max press which is lithium disilicate glass ceramic was used because of its unique properties and it had been used most frequently in fabrication of veneers in recent years (22) . VITA Enamic was selected for this study due to its hybrid structure which composed of interpenetrating two networks. These interpenetrating networks consist of ceramic which is porous and polymer which infiltrated within the ceramic, that make the material have the advantages of ceramic and composite (23, 24) . The specimens thickness of 0.5 mm was selected to evaluate the effect of artificial accelerated aging on the color of cemented veneers because veneers are conservative restoration and the preparation should be within the enamel to ensure optimal bonding of the veneers to tooth structure, so the recommended preparation for veneers 0.5-0.7 mm (9, 25) . In this study the color stability of resin cements that are covered by ceramic and isolated from the surrounding environment was evaluated to simulate the clinical condition (9) . In order to simulate the condition in the oral cavity for a relatively long service time artificial accelerated aging was used. Accelerated aging test permit the determination of color change that occurred in restorative materials over time (7) . In accelerated aging device the restorative materials exposed to ultraviolet light, changes in temperature and humidity in an attempt to simulate the oral environment as closely as possible (26) . According to the manufacturer of the accelerated aging device 300 hours is equal to one year inside the patient mouth and most of color change that occurred in restorative materials developed in the first 100 hours (27) . At the baseline ANOVA test revealed high significant difference in lightness (P=0.002) and axis a * of chroma (P<0.001) among the three resin cements when used with e max, while the same test showed highly significant difference among the three cements when used with Vita Enamic only in axis a* of chroma, these differences in (L* ,a*,b*) values among the three cements in both groups (e max and VITA Enamic) could be due to difference in the number and size of filler of resin cement as the color of composite materials affected by the filler particle size and number (8, 28) . At the baseline there was statistically significant difference in the mean of both axis of chromaticity (a* and b*) between Vita Enamic and e max in each cement and this could be due to that the materials from different brands may have the same shade but have differences in color parameters and this in agreement with Chang et al (29) who found that resin cements from different companies which have the same shades show differences in L*, a*, b* values. After 150 hours of aging, all groups had shown statistically high significant differences in mean color changes. Within group A, A1 showed the highest mean color change (3.017±1.053) while A3 showed the least color difference (1.997±0.503). However these difference in mean color change among the three cements was statistically non-significant and this in agreement with Turgut and Bagis (9) who had study the color stability of veneers made from different shades of e max and cemented with resin cements from different brands and different shades and they found that high translucent shade of e max with medium value of Variolink Veneer show more color change after aging than high translucent shade of e max with translucent shade of RelyX veneer. These differences in color change among the three groups (A1, A2, A3) may be attributed to difference in composition of the three resin cements and the affinity of their resin matrix to absorb water since the resin matrix considered as the source of discoloration so the higher fraction of resin matrix per volume the higher color change will result (30, 31) . Within group B, the differences in mean color change among the three resin cements was not significant and B1 had shown the highest mean color change (14.8±1.873) and B3 had shown the least color change after aging (14.159±1.174). In both groups (A, B) the use of Variolink Veneer resin cement is associated with the highest mean of color change, while NX3 Nexus show the least mean of color difference. Variolink Veneer showed the highest mean of color difference may be due to its filler load per volume is the least when compared with the other two cements (Variolink 40%vol., Rely X 47%vol., NX3 Nexus 47.7%vol.). Variolink have more resin matrix than the two other cements, so it associated with the greater water sorption which is responsible for color change (32) (33) (34) .
VITA Enamic had shown higher color change than IPS e max when used with the same cement. VITA Enamic had shown very high color change after exposure to artificial accelerated aging may be due to the presence of polymer which comprised 25% of its volume. This polymer composed of Urethane dimethacrylate (UDMA) and triethylene glycol dimethacrylate (TEGDMA). UDMA have very low water sorption so it is associated with less color change. However, TEGDMA is very hydrophilic and increase the hydrophilicity of the surface that results in an increase in water sorption which leads to color change. TEGDMA increase water sorption due to ether linkages which is hydrophilic (35) (36) (37) (38) . VITA Enamic had shown color instability after 150 hours and require replacement and this disagree with the manufacturer claim that the material is color stable and with Dirxen et al (24) who had tested VITA Enamic crowns in patient mouth for two weeks and found that the crowns weren't show any color change. The color change of IPS e max may resulted from the metal oxide which added to ceramic to obtain the color shades and under the ultraviolet light these metal oxides are very easily break down and peroxides compound may developed and result in color change (27) . The difference in the color between the color of the materials after 300 hours of aging and the color of the materials after 150 hours of aging had shown statistically significant difference, however these color changes were very small and clinically unnoticeable by human eye. When comparing the color difference in the first 150 hours and the second 150 hours of aging, most of color change occur in the first period and in the second period there was slight color change and this in agreement with Cao et al (39) and Ghavam et al (40) who were stated that most color difference occur in the first 100 hours of aging. Cao et al have been studied the effect of accelerated aging on the color stability of alumina-based and leucite -based ceramics and found that the first 100 hours of aging produced the major color change, while Ghavam et al had studied the effect of accelerated aging on color stability of resin cements and concluded that the majority of color change occur in the first 100 hours of aging.
After the passage of the half of artificial aging periods (150 h ) and also at the end of aging period (300 h) the percentage of Vita Enamic specimens that show color change > 3.3 was 100%, while the percentage of e max specimens which had color change >3.3 after 150 h was 16.7% and their percentage after 300 h was 20%. In spite of that the color change within groups A1, A2, A3 was statistically significant after 150 hours and 300 hours of aging, but the color change within these groups remain within the acceptable color change clinically and this in agreement with Turgut and Bagis (9) who had study the color stability of veneers fabricated from different shades of IPS e max press cemented with different shades of different resin cements.
CONCLUSIONS
Within the limitations of this in vitro study, the following conclusions were found: 1. Both restorative materials (IPS e max Press and VITA Enamic) used in this study had shown significant color change after accelerated aging. 2. IPS e max Press showed color change after aging that can be considered acceptable clinically because color difference was below 3.3 units, so this material is suitable to be used for fabrication of restorations in esthetic zone. 3. VITA Enamic after aging showed color change that considered unacceptable clinically and this material should be avoided in fabrication of restorations in esthetic zone. 4. There was no significant difference in the effect of the three different resin cements used in the study on color change after aging process, but NX3 Nexus may considered the best for luting veneers since it is associated with the least color change after aging. 5. The majority of color change after accelerated aging related to change in the color of veneering materials rather than luting cements. 6. Most of the color change of veneering materials appears in the first 150 hours (6 months) of aging. 
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